Abstract: This paper reports a high performance DC-coupled 10Gbit/s optical burst-mode receiver for symmetric 10G-GPONs. The measured receiver sensitivity is -30.0dBm at BER=10 -3 within a short settling time of 51ns, and a loud/soft ratio wider than 24.0dB.
Introduction
A major challenge for next generation passive optical networks (PONs) is the realization of a burst-mode receiver (BM-RX) at 10 Gbit/s that combines a short packet preamble (to achieve an efficient network throughput) with a high RX sensitivity and wide dynamic range (to be compliant with installed optical distribution networks). Recently both AC-coupled and DC-coupled BM-RXs have been reported for IEEE 802.3av 10G-EPONs [1] [2] [3] , but these require line coding and a relatively long receiver settling time. Though FSAN has only endorsed XG-PON1 with asymmetrical 10/2.5 Gbit/s transmission rates so far [4] , a first symmetrical XG-PON with 10Gbit/s downstream /10Gbit/s upstream has been reported in [5] . The BM-RX in [5] is an AC-coupled design that still requires a total settling time of 360 ns including a clock and data recovery (CDR). A DC coupled design however can achieve a much shorter RX settling time at the physical layer [6] . Our research team has published a 10Gbit/s DC-coupled PIN-Based BM-RX for a 10Gbit/s long reach PON [7] . The upstream channels were OSNR limited by using optical amplifications, and the BM-RX did not require high sensitivity and wide dynamic range. Therefore a peak-detection type threshold extraction method was chosen to obtain a short overhead of 58ns, and the measured BM sensitivity was -10.9 dBm at a BER of 10 -10 , with loud/soft ratio of 10.6 dB. This paper is the first to demonstrate, to the best of our knowledge, a high performance 10Gbit/s DC-coupled avalanche photodiode (APD)-based, feedback type BM-RX with a RX settling time of 51 ns. Fig. 1 depicts the 10Gbit/s APD-based DC-coupled BM-RX configuration. It contains a burst-mode transimpedanceamplifier (BM-TIA) followed by a burst-mode limiting-amplifier (BM-LA). The two DC-coupled chips were fabricated in an STMicroelectronics 0.13µm SiGe BiCMOS process. The APD and BM-TIA have been developed in the EU-funded FP7 ICT project MARISE. The APD has a very low dark current of 8.3nA at a multiplication gain M=10, an excess noise factor F=3.3 at M=10 and a gain-bandwidth product of 150-160GHz. The 10Gbit/s BM-TIA incorporates a fast gain control (FGC) and a gain-locking function. It achieves a wide dynamic range by three transimpedance gain settings. When a burst has ended, the BM-TIA is set to a high transimpedance gain of Z T,High for maximum RX sensitivity. The transimpedance will switch from Z T,High to a middle gain setting of Z T,Mid when the new incoming burst exceeds a certain power threshold. A second gain switching from Z T,Mid to the low gain Z T,Low happens when the received signal power exceeds a second power threshold. This twostep gain switching can be accomplished within several nanoseconds. After the gain switching process, the TIA transimpedance gain is finally locked in order to avoid bit error rate (BER) degradation due to Z T switching inside the payload interval. The BM-TIA also performs a coarse threshold compensation (CTC) process, which sets the balance signal of the single-ended to differential converter based on the transimpedance gain settings. This minimizes the DC offset in the TIA output signal at the RX sensitivity level, and helps reduce the settling time of the BM-LA. Fig. 1 indicates that the BM-TIA has no reset pin. The reset signal is conveyed from the BM-LA with a common-mode signaling method. The input buffer of the BM-LA alters the common-mode voltage of the BM-TIA output. The BM-TIA senses these common mode changes, and hence no dedicated reset signal line is required.
10Gbit/s DC-coupled BM-RX
The subsequent 10Gbit/s feedback type BM-LA has two operation modes: a fast decision threshold level detection mode and a slow threshold level tracking mode. When a new burst arrives, the threshold detection circuit first performs a fast offset compensation and an amplitude recovery. Once the correct threshold is established, the BM-LA switches to the slow tracking mode, which is crucial to provide a higher tolerance to consecutive identical digits (CIDs). The BM-LA needs a burst-reset signal in this experiment, which is externally provided by the system. At the end of the burst, the BM-LA resets the threshold to the default state and waits for the arrival of a next burst. The output signal level of the BM-LA is current mode logic (CML).
Experimental setup and results
The performance was evaluated using the experimental set-up as shown in Fig. 2 . Two 1.3um burst-mode transmitters (BM-TXs) are alternately sending 10Gbit/s burst packets. TX #1 contains a 1.3um electro-absorption modulator (EAM) integrated with a DFB-laser diode. It has an output power of +4.4 dBm and an extinction ratio (ER) of 10 dB. The output optical power of the two BM-TXs can be adjusted by two variable optical attenuators, VOA1 resp. VOA2. For large signal interference measurements, the power level provided by TX #2 is set at -6 dBm after a two-to-one 3 dB optical combiner, a level close to the APD overload while only the BER of the packet from TX #1 is recorded using an Agilent 81250 ParBERT. The 10Gbit/s burst packets consist of a 51.2 ns preamble and a 1280 ns payload. The guard time between bursts is set to 25.6 ns. The payload is made from a non-return-to-zero (NRZ) 2 31 -1 pseudo random bit sequence (PRBS) data pattern plus CID patterns with 72 bits of 1's resp. 0's to validate the BM-RX's tolerance to long CIDs. The measured BER curves are displayed in Fig. 3 . The input sensitivity of the BM-TIA with a continuous-mode (CW) LA is -31.9 dBm at a pre-FEC BER of 10 -3 and -27.1 dBm at a BER of 10 -10 for CW input signals. In the BM-RX back-to-back (B2B) configuration, the measured sensitivity at a pre-FEC BER of 10 -3 is -30.8 dBm and the sensitivity at a BER of 10 -10 is -26.0 dBm, mainly due to the input sensitivity penalty of the BM-LA. A new version BM-LA with improved sensitivity has been developed and manufactured at the time of writing. With the improved BM-LA sensitivity, we would expect the BM-RX to show a better B2B sensitivity at a BER of 10 -10 . It will allow the advanced BM-RX to be used without FEC in networks that not demand a large optical power budget. Thanks to the three transimpedance gain settings within the BM-TIA, the error free input overload level was found to be higher than -5 dBm. This yields a dynamic range of more than 25.8 dB. In the experiments with 2 branches of BM-TXs, the BM-RX sensitivity measured on the weak packet emitted by TX #1 is -30.0 dBm for the worst case when the output power of TX #2 equals -6 dBm. Thus the BM-RX penalty is 0.8dB at a loud/soft ratio of 24.0 dB. We also found that the BM-RX penalty at BER of 10 -10 was much smaller and about 0.35dB. From Fig. 3 (right) one can see that the 51 ns, 76 ns and 102 ns preamble performance is almost identical. A very smooth degradation is observed for the 25ns preamble. Table 1 summarizes the performance evaluation of the 10Gbit/s DC-coupled BM-RX. The pre-FEC BER threshold of 10 -3 is employed as recommended for the upstream by IEEE 802.3av 10G-EPON. We assume that strong Reed-Solomon RS (248, 216) FEC codes will be used for the 10 Gbit/s upstream, similar to the already agreed FEC code for 10Gbit/s downstream [4] . 
Conclusions
For the first time, an advanced 10Gbit/s APD-based DC-coupled BM-RX was presented to deliver a short 2R RX settling time of 51 ns and an excellent sensitivity of -30.0 dBm at a loud/soft ratio of larger than 24.0 dB. It shows a great potential for use in emerging symmetric 10G-GPON systems aiming to achieve high network efficiency with the shorter preamble.
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